Introduction
Research and development of photocrosslinkable polymers were originally motivated by their practical applicability to photolithographic processes on the basis of their solubility changes in organic solvents [ 1 ] or even in water [2] as a result of intermacromolecular crosslinkages.
Recent interest in this type of photopolyrners has been concentrated from both of fundamental and practical viewpoints on the emergence of optical anisotropy by irradiation with linearly polarized light and on the application to photoalignment of liquid crystals (LCS). For instance, linearly polarized UV irradiation of thin films of poly (vinyl cinnamate) generates uniaxially oriented homogeneous alignment of nematic LCs. [3] [4] [5] [6] [7] This technique is of practical significance because of the applicability to rubbing-free LC-aligning films, which are inevitable materials in the fabrication of LC display devices.
The photochemistry of styrylpyridines (SP) displays three reactions [5] [6] [7] [8] [9] [10] involving E/Z photoisomerization, (2+2) photodimerization and oxidative photocyclization to give azaphenathrenes (Fig. 1) Commercially available methyl, tert- butyl and cyclohexyl methacrylates were distilled before use.
Polymerization
A solution of 20 wt % of the SP monomer or its mixture with alkyl methacrylate containing 0.2 wt % of AIBN in DMF-mixed benzene was placed in a tube to be degassed through freeze/thaw cycles and sealed, followed by shaking at 60 °C for 10 h. The product was precipitated in methanol. Copolymerization ratios were estimated by UV absorption spectra of these copolymers using molar extinction coefficients of the model compound.
Photoi rradiation
The source of 313 nm light was obtained from a 200 W Hg-Xe lamp passing through suitable filters. For polarized photoirradiation, a polymer film spin-cast on a quartz plate was exposed to 313 nm light from 500 Wsuperhigh-pressure mercury arc through the filters and a polarizes.
Spectral analysis.
UV absorption spectra were taken on a Hewlett-Packared 8452 A diode array spectrophotometer.
Thin films of SP polymers were illuminated with 313 nm light and subjected to UV spectral measurement at intervals. Concentrations of E-isomer, Z-isomer, azaphenanthrene and dimer after photoirradiation were obtained by using the following Eqs. 1-4; A rectangular glass plate (1 x 3 cm2) was spincast with an SP polymer and illuminated with linearly polarized 313 nm light at a polarization plane angle 0, which is defined as an angle between a longer axis of the plate and the electric vector of actinic light. A hybrid cell was fabricated using a glass plate covered with the irradiated SP polymer film and a glass plate treated with lecithin for homeotropic alignment, followed by being filled with a nematic LC, NPC-02 (TM = 35.0 °C), by a capillary action. The birefringence determination of the cell was carried out according to our previous paper. [11] [12] 3. Results and discussion 3.1. Photochemistry.
SP polymers and a model compound employed here are showed in Fig. 2 . A homopolymer (pMSP) and copolymers of SP with methyl methacrylate (pMSP-M), tent-butyl methacrylate (pMSP-B) and cyclohexyl methacylate (p v1SP-C) were also prepared.
Properties of these polymers are summarized in Table 1 . Fig. 3 shows spectral changes of the model compound in a mixed Spectral changes of thin films of pMSP upon UV irradiation are given in Fig. 4(a) . Absorption spectra of the thin films before irradiation coincided with those in dioxane.
No difference between film and solution was observed in a peak position and a half-width of absorption band of SP moieties.
These facts enabled us to analyze photoproduct distribution in films. Even after prolonged irradiation, characteristic absorption bands of the azaphenanthrene did not appear, indicating the suppression of Z -isomer formation in thin films. The photoproduct distribution of SP polymers in their thin films was evaluated as a function of exposure energy on the basis of Eqs. 1-4 without [aza]. Z -isomer was separated by HPLC, and its molar extinction coefficient was calculated by using an absorbance at the isosbestic point during E-to-Zphotoisomerization. During the course of irradiation wit11313 nm light, the sum of fractions of E-and Z isomers decreased, implying that UV irradiation generated (2+2) photodimers which exhibit no absorbance at the monitoring wavelength. Note here that predominant photochemistry consists of dimerization at exposure doses up to 60 mJ cm' so that essentially no E-to-Z photoisomerization is generated in the early stage of photoirradiation. Typical spectral changes of thin films of copolymers and the photoproduct distribution for the copolymers as a function of exposure doses are shown in Fig. 5 .
In contrast to the homopolymer, pMSP-B as a representative copolymer display E-to-Z photoisomerization together with the photodimerization even in the early stage of tJV illumination.
The occurrence of E/Z photoisomerization in the early stage stems from the reduced density of photodimerizable SP moieties in the copolymers to decrease the rate of photodimerization.
It is very likely that the presence of bulky tent-butyl or cyclohexyl groups results in the decreased of the level of photodimerization.
Photoalignment regulation of nematic LC.
The photocontrol of in-plane alignment of a nematic LC (NPC-02) was carried out by using thin films of SP polymers which were exposed to linearly polarized 313 nm light in advance.
Fig .  6 shows the emergence of birefringence of a liquid crystalline layer assisted by thin films of SP polymers which were irradiated with linearly polarized light of an exposure dose of 60 mJ cm'.
It was found that illuminated films of pMSP-B and pMSP-C gives rise no homogeneous alignment even after prolonged exposure. In contrast, homogeneous alignment with an excellent optical quality was observed when films of pMSP and pMSP-M were subjected to irradiation of an exposure dose less than 500 mJ cm 2.
Since 
